INTRODUCTION
The tricuspid valve always has received less attention from cardiac researches in comparison to left-sided cardiac valves with fewer studies describing the outcome of surgery [Parolari 2014 ]. The most common pathology affecting this valve is functional tricuspid regurgitation (FTR) as a consequence of annular dilatation, which occurs in close association with right ventricular dilatation and dysfunction as well as pulmonary hypertension seen with left-sided valve pathologies [Chan 2009 ]. Multiple annuloplasty modalities now are used to repair such pathology, including rigid or flexible rings (complete or incomplete), sutures, and bands [Rogers 2009 ]. However, significant residual tricuspid insufficiency is associated with poor early-and late-postoperative outcomes and subsequent tricuspid valve surgery after previous cardiac surgery has a relatively high mortality [Nath 2004 ]. Also, recent reports greatly have debated the previous concepts that significant FTR would regress after treating left-sided valve lesions [Dreyfus 2005 ]. This is why there now is interest in widening the indications of FTR repair to include cases with moderate regurgitation and choosing the best and most durable method of repair at the time of the initial cardiac surgery. In this study, we evaluate our experience with different surgical techniques of FTR repair regarding early and late outcomes.
Patients and methods: Between January 2011 and January 2017, 200 patients with moderate or greater functional tricuspid regurgitation received tricuspid valve repair as part of primary surgeries on the left side of their cardiac valves at our university hospitals. Written informed consent was obtained from all patients for these planned operations. All patients received a 2D Doppler echocardiography before surgery with adequate assessment of the pathology of tricuspid valve (TV) and the severity of tricuspid regurgitation (TR). The severity of FTR was estimated in four grades using color Doppler and systolic flow in the inferior vena cava or hepatic veins as grade 1+ (mild); grade 2+ (moderate); grade 3+ (moderate to severe), and grade 4+ (severe). Moderate TR was defined when the width of vena contracta was 4-7 mm and the jet area was 5-10 cm 2 . Severe TR was considered when the width of vena contracta was >7mm, and the jet area was >10cm 2 with systolic flow reversal in hepatic veins. Also, TR was considered significant regardless of the degree of regurgitation when the tricuspid annulus diameter was >40mm [Matsunaga 2005 ]. Patients were categorized into three groups, according to the type of repair. Group A included 39 patients who underwent ring annuloplasty for repair of FTR, Group B consisted of 84 patients who received band annuloplasty, and Group C contained 77 patients who had suture annuloplasty.
Statistics: Data were abstracted from clinical records and coded to be entered into the statistical package SPSS (Statistical Package for the Social Sciences). Quantitative data were summarized using mean ± standard deviation, while categorical data were presented as frequency (count) and relative frequency (percentage). The significance of the association between categorical data was conducted using the E412 student's t-test while the chi-square test was used for comparison of categorical parameters. One-way ANOVA test was used to analyze the data between the study groups and a P-value less than 0.05 was considered statistically significant. Kaplan-Meier curves were used to determine the overall survival rate and freedom from significant tricuspid regurgitation.
Surgical techniques: All patients were operated on through full median sternotomy. Cardiopulmonary bypass (CPB) was established after cannulating the ascending aorta and both cavae. Myocardial protection was performed using antegrade with or without retrograde intermittent cold blood cardioplegia together with systemic cooling to 32°C. Left-sided valvular lesions were managed after aortic cross-clamping. De-airing of the left side of the heart was then done through filling the left atrium and ventricle with blood aided by the Valsalva maneuver and suction of the aortic root. Cavae were snared, and the right atrium was obliquely opened 1 cm parallel to the atrioventricular groove to expose the TV. The choice of the type of tricuspid repair as well as whether to do it on an arrested or beating heart while still on pump was carried out, according to the surgeon´s preference and self-confidence with the technique. Ring annuloplasty was performed using Carpentier-Edwards incomplete rigid rings (Baxter Healthcare Corp., Edward Division, Santa Ana, CA) whose size was determined, according to the base of the septal leaflet. Tricuspid rings were fixed to the annulus with interrupted non-pledgeted 2/0 non-absorbable (Ethibond) sutures avoiding the area of the AV node. Band annuloplasty was done using a strip of Dacron tube graft with a fixed length of 5 cm and a width of 3 mm. The band was attached to the annulus by interrupted nonpledgeted 2/0 Ethibond sutures, starting from the anteroseptal commissure to end at the posteroseptal commissure. Suture annuloplasty was carried out by the De Vega technique using a pledgeted 2/0 Ethibond suture, starting from the anteroseptal commissure and ending at the posteroseptal commissure. Both lines then were tightened over a number 27 sizer and tied over a pledget.
RESULTS
Preoperative data: In our study, the mean age was 34.7 ± 9.7 years. Eight-three (41.5%) patients were male, and 117 (58.5%) patients were female. Eight-five (42.5%) patients had atrial fibrillation (AF) preoperatively while the remaining 115 (57.5%) had sinus rhythm. A high number -192 (96%) patients -complained of dyspnea functional class III, according to New York Heart Association (NYHA) classification, and 8 (4%) were in dyspnea functional class IV. Other signs of right-sided heart failure occurred in the form of lower limb edema and ascites in 2 (1%) patients. The mean LV ejection fraction (EF) was 55.4 ± 5.6%, while the mean pulmonary artery systolic pressure (PASP) was 54.1 ± 9.89 mmHg. The mean tricuspid annular plane systolic excursion (TAPSE) was 1.72 ± .16. The mean preoperative degree of TR was 3.6 ± 0.49 with a mean vena contracta of 6.25 ± 1.3 and a mean jet area of 11.08 ± 2.31. The 3 groups were matched regarding the preoperative patient characteristics (Table 1) .
Operative data: Ninety-one (45.5%) patients received in addition to tricuspid valve repair mitral valve replacement; mitral valve repair was done in 34 (17%) patients, 45 (22.5%) patients received aortic and mitral valve replacement, and 30 (15%) patients underwent aortic valve replacement and mitral valve repair. The mean total bypass time was 121.84 ± 34 minutes, while the mean cross-clamp time was 96.54 ± 30.1 minutes. Forty-six (23%) patients had TV repair using beating heart technique, while the remaining 154 (77%) patients underwent TV repair by arrested heart technique. As the choice of repair technique whether ring, suture or band was according to surgical preference, significantly more patients in the suture group (Group C) could be done on beating heart, due to the simplicity of the technique. This was reflected in both the cross-clamp and bypass times that significantly were longer in the ring (Group A) and band techniques (Group B), due to the additional time needed for placing the annulus sutures and tying them ( Table 2) .
Postoperative data: The mean mechanical ventilation time was 12.4 ± 7.9 hours, while the mean ICU stay was 2.39 ± 0.91days. Five patients needed a pacemaker in the early postoperative period, but none required a permanent pacemaker before discharge. The remaining patients showed no change in the preoperative heart rhythm. Two patients developed cerebrovascular strokes in the form of hemiplegia and were discharged to a rehabilitation facility. Three patients were operated on again in the primary hospitalization, one due to severe mitral regurgitation following mitral repair and 2 patients with severe TR and signs of right-sided heart failure (ascites and lower limb edema) following suture annuloplasty. Only 3 patients (1.5%) died in the early postoperative period. The cause of death for these patients was low cardiac output syndrome not related to the tricuspid valve repair, which was refractory to maximum inotropic support and intra-aortic balloon pump (IABP) application. Echocardiography was done to all patients before discharge and showed a mean early postoperative EF of 52.5 ± 5.1%, mean PASP of 34.58 ± 6.64 mmHg, mean TAPSE of 1.84 ± .17, and mean degree of TR of 0.892 ± 0.875, with a mean vena contracta of 1.81 ± 1.66 and mean jet area of 3.04 ± 2.7. The degree of TR, mean vena contracta and mean jet area significantly was highest in Group C. These values were higher in Group B than Group A, but not statistically significant (Table 3) .
Follow up: One hundred ninety-five (97.5%) patients survived until discharge. Of that figure, 180 (92%) patients could be followed up with echocardiography in 6-to 8-month intervals for a period ranging between 8 months and 60 months (mean 26 ± 12.6 months). These patients were distributed as 32 cases from Group A, 75 from Group B, and 73 from Group C. The remaining 15 patients could not be followed up on due to lack of compliance. Five patients within Group C were operated on again with tricuspid valve replacement, due to severe symptomatic (ascites and lower limb edema) TR during the follow-up period (6.85%), while in Group B only one (1.3%) patient received a new tricuspid valve due to severe symptomatic TR. In Group A, no surgeries were reperformed, due to severe TR. This difference statistically was significant among the 3 groups (P = .004) (Figure 1) .
Mean degrees of TR during the echocardiographic follow up in Groups A, B, and C were 0.70 ± 0.5, 0.91 ± 0.80, and Kaplan-Meier curve for rate of reoperation among different groups
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Also, the means of vena contracta were 1.24 ± 0.90, 1.57 ± 1.47, and 1.90 ± 1.60 in Groups A, B, and C, respectively with a significant P-value among the 3 groups of .006. Similarly, mean jet areas were 2.64 ± 2.42, 2.94 ± 2.77, and 3.5270 ± 3.07 in Groups A, B, and C, respectively with a significant P-value of .004. No patient died from a cardiac cause, during the follow-up period.
DISCUSSION
Many surgeons now encourage the repair of moderate or greater FTR with surgery on left-sided cardiac valves especially in the presence of annular dilatation >40mm, severe pulmonary hypertension, AF, and signs of right ventricular dysfunction [Matsunaga 2005; Navia 2012; Van de Veire 2011; Bianchi 2009 ]. In our study we have chosen to repair FTR if moderate or greater according to width of vena contracta, jet area and systolic flow reversal in hepatic veins or if annular diameter exceeded 40mm regardless of the degree of TR.
Several techniques have been used to treat FTR. Suturebased annuloplasty like De Vega and bicuspidalization appeared first and are still used. These techniques are easy, fast, cost-effective, and preserve the anatomy as well as the flexibility of the annulus [Bernal 2004 ]. The De Vega technique is more commonly employed and appears to be superior to bicuspidalization [Naqshband 2010 ]. On the other, hand rings appeared later and prove to give good long-term results due to the stabilization of the annulus. Both flexible and rigid rings are approved with contradictory opinions regarding the superiority of any type over the other [Zhu 2013 ]. In general, rigid rings have been more reported to achieve better freedom from recurrent TR than flexible rings [Navia 2010 ]. Although, it has been reported that flexible rings, as mentioned by some studies, preserve the physiologic annulus contraction [Gatti 2001 ]. Many studies documented better longterm results using ring annuloplasty with better freedom from recurrent TR and right ventricular failure as well as survival [Tang 2006; McCarthy 2004; Guenther 2013] . Nevertheless, other studies showed better results or at least no difference when using suture annuloplasty [Morishita 2002] .
Ring annuloplasty seems to provide longer annular stabilization over time while the De Vega technique may widen the anteroseptal commissure by pulling it away from the anterior annulus and distort the anterior annulus throwing it into folds resulting in an uneven coaptation with the septal leaflet. Finally, the De Vega suture may later avulse or break [Wang 2008 ]. Band annuloplasty similarly is reported in some studies to give results close to the ring and more superior to the De Vega [Calafiore 2011] .
Unfortunately, these studies comparing different repair techniques enclosed heterogeneous groups concerning age, gender, concomitant procedures, and echocardiographic data. In our study, the 3 groups were matched, regarding the preoperative patient characteristics which made the postoperative comparison more reliable. According to our study, ring annuloplasty significantly was associated with better early and late results as well as more freedom from late recurrent significant TR. Also, according to our results, band annuloplasty gives a better outcome than De Vega, although non-significant, and therefore is recommended when rings are not available. On the other hand, ring or band placement requires more time and many surgeons worldwide, as well as ours, prefer to apply them on an arrested heart, prolonging both bypass and crossclamp times.
CONCLUSION
Our study showed that patients who received ring annuloplasty followed by band annuloplasty for the treatment of FTR concomitant to left-sided valve lesions had better early and late results with lower recurrence rates than those who received suture annuloplasty.
